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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing an exchange coupling film which 
displays an exchange coupling magnetic field. 
SOLUTION: A ferromagnetic layer 3 is formed of a 
ferromagnetic body of fee structure in argon gas loaded 
with a nitrogen gas to turn the orientation plane of an 
antiferromagnetic layer 4 to a (100) plane, where 
magnetic moment is kept in parallel with it and 
ferromagnetically arranged through its surface. By this 
setup, the ferromagnetic layer 3 can be oriented to a 
(100) plane, so that the orientation plane of the 
antiferromagnetic layer 4 is turned to a (100) plane. 
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[#fFiS#©t5H] 

■0±»c»*i-5 JB 2 ©Xgi £#A/T-^5 £ t £#® 

[IS** 2] ±B*l«)XaK:*JV^TrA'rfy^t> 

9 %£lT©«&ffl-t-;fcS r. £ ^fl#SSc<t 1 \ZtBM 

[1**93] _±B»2©xaic*Jlt5W»l:UT, (1 
0 0) ffi^St^-^yh^, COIC^LTW-C* 

or, £©ffirtKS3v^T»»14WfciBJ8£;fi-tv 
5R3*attt**fflv^6 r t frWKi r SKI** 1 KB* 
©^»£K©Mfi#*. 

[M&S4] ±E!B2 0XeK:*5«-Stmi:U-C, Cu 

a u - 1 a©e*#js**i-5sai»tt**fflv^ r. t 

[Ift*«5] ±B»2©Igfc*5W-6»»4: L-C, Pt 
iifiJ&aU 21^% J: 9*t<, ^o, 5 51^%±9/h 

B«©S«MS-&R©SBi*fe 
[f»#«6] JiEfB2«)XaKi3V^rjKri6f 5R»8Ht 

[»#S 7 ] ffiMtig 1 ~ 6 ©fa*u»»fc:E*©2aiUS-&R 
©JBfetfS*: i o TSig £ ftfc&SMg^llSrfl 

\,x%2 omrnm a« a fix a <o , 

±BS£l«S#«K*ilt S»*ttJi t ±BSS 2 ©&«&g 
[00 0 1] 

[»W©*1-«ttflf$«F] *»Wtt, 8HWE«WS?Mi^ 
[0 0 0 2] 

[fi£*©8«] »fc^**3St*©«ftES36IBfc:i8 

wcte, gjE#©fE&«g©lp]±l-flH\ fi£^y K©iSS 



«StE«K»©S!fiafcf7ftK:fltv^, ffift«JtC*«©*# 

i$5MR (magnetoresistive effect)~-y KSrfflV^S^. 
£T\ H£ffl*©*BlP!5SBfeivCV*3. riitt, 8£#© 
/hSMkK#v\ K*jKfl^©tt*E£fl»MS"pr 
5 1 ^ 5 raHfc#fti-J-5fc»-e*><5. 
[0 0 0 3] r©± pftMR^y Kicfflv^ftS, SSM 
JS8a***^*4^^J^©«-«-i: L-Cfl, ft* 
i9, Ni Fe^N i Co^b/iSWII 
as*n6Jl-C^3. iilb©iWI©aSi*ft*HtN i Fe 

2 ~ 3 n i c o 6 
fc5c r©i5*«W©*«a«a**W:» *iiV|HBB 

sftuiifcj: ■&*>©■<?*> 9. a£*tt©#A2:flt4£tt©tt 

^b*Kdfc©41-**K:«#U-C*J*», A*ttflMti£K3b 

^ (AMR : anisotropic magnetoresistive effect) b 

[0 0 0 4] r*uc#LT, >fi¥» i8&#&Bli#BH4 
SS^.t££Z!£ffllLfcAX&^#lBIK*5V>-C, AM 

©AX^#H&fc::fctt3«&«Si3b*B:, ^3)5©AM 
Rfctt5S»HMIl!»*45. ^©AltjHF^Jiirctt, * 
flMtJi** LT±Tlce«$ftfc*teJI©«{fc#K¥fT 

©*g- 1 ¥fr©»^ t t% e#«^©«a^ A §■ < Jtft 

5fc»lc«gi»l:^WtS©t?*><5. i"4t>t», -©A 
iftf^ilT-ii, «HtHHI©»fl:#R¥ff©»£\ e 
*«*©«&#:*:#< 4 9. 
fl«tJin©«fl:*¥ff©*fr, e3W?-©t*attSfej> 

U 45. 

[0005] :©±5 4Ai»*-#JIR©««BSBft* 

fct, e^-f^©ffi^AMR(-tt$jtUr^{cAtV>fc 
gASB^lSJftS&SI (GMR : giant magnetoresisti 
ve effect) btytiltlX^Z. *fc» GMRSr^m-fSffi 
GMRRtPftftvTVS. r©i5ftGMRK 
©ft/4^T?t, gW£ft*©««fflft»b**ftt , »*-C*> 
5Co/Cu#iR*fflV^H!, ^fflfc^SV^te 0% 

K±©JKfii«fl:*«r»* :tm5. 

[0 0 0 6] L^Lft^p,^ roCo/Cu#ig©± 

©©, «Haff-CWb©S¥f¥tt***5i"f5fci{>K, fl£ 

14SM©^«M ; iS^*fflv^Tv>5©r\ SSttSW©^ 
-g-^^(cSS<ftoTV^. fi6oT, i©»lMas«Effl 
^©Tflttffi^HS-rSfcfcJc, f 10 
0~ikOeO^«WIi45, r©fcfc, ^ 
41 #C»t5SIiM^ < 4ot L* 5 ot?, r©A 
I*HF-#HKfl»&fc3GMR«***B«S£^3' K«= 

[0 0 0 7] trt, fl£#fiSS©SSV>GMRRSr#5fc 
MC^ AX^#SK©ftfeJC, ^.lf>-/Vi-^'#iit©AX 
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[0008J rro^fy/^w^t?!*, K3£fi£ 

tts (sawob) ©iftii, Binder, ±!e#b 

fcWT<CBBi*9-CllHEi-*J:5K:*o-Cv^. *LT, £ 
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y 7 btt©*v*»BKrfli^S &#$g©|p)±£ 
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[00 11] L*»U*^?>s FeMn^MiV^ft 
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S±#i-<t3£&^&#©»il«4>ft£r, IRKStt© 
^itiii-5raffi«5&5. *fc. i©F eMn-g-^14, » 

[0012] r©fc», £©aiMfra«fcfflvyfc««« 
Sfefc, tWijliottt, JB£lc£S#tt©&W£ 
[0 0 13] ±|BLfcN i OttlMb*"C*>*fc 

»8HMfcjsv\fc«*is£«©7n y *>^aut»2 o 

OtTC&tK FeMn^*Al'fc£%NteBtJ:9t>ff 

SI4 2 0 OtfibSii, 1 0 0tKT-Cfc&iMi6«# 
©$'>#*# V\, £©*$£, S&flSt&ii-F eMn-g• 



&£ffl^^7S:£&igrg•lglc 1 ^>, JRSfc«tt©j«t?IB«!J»*> 
9, *«fi^*^*te£E1-«»a©*&i:*$. 
[0 0 14] *i-e, CLi-l-bF eMn^N i OfiJtft- 
©R3i«ttJB©«*i LT, Mnfc»25G*«r*2inLfc 

5fc»©fcWaMf;MvCV*3. #M¥6-3l 
4 6 1 7#<2i«tCi4, IlW^i UT» MnCC 
u, Ru, Rh, Re, Ag, Au, Os, I r £ 2 5 
~7 6fC J f%, &5VM4Pd, P t£2 5~6 0JSH=-% 
*fcf46 5~7 6W.^%mULtzh<D^m^^. b\C£ 
ot, g«*ttJi©»ftttt«ltt3SSttSrlft±**» £ 

hz&m&m t mm-t * - 1 k «t o 

[0 0 15] C©^#(C|B«©«^(4, S&BStt 

S©tt-^tLT, i»*«3il*iE*ft*i:*St©«rffl^ 
5ifc*rWKi:b-CV^5«s, ©IfllR)#fil4# 
ic«5££*vT^&v\, 4 ft. £©4*#fctt, X|jll§l«ftc 
i^S'J^©^*, r.©ESHWtJBtt (ioi) Bgarsi-e 

[0 0 16] 

tt, *©£^^«***i«v*::i:#fiR-e;fc3. *b 
T, £&*S^l&©£&iK-£B£#l4, 3U8ttS©ttfc£fr 

a*«N4Jifc©#ffifc#<#fci-3B£, ss<4«t#i 

feftTV^S. Sot, Sv^2fl£*e^«#Sr#5fc»K 
Hi, S3l«ttJii:aMMtBt©#aBlJ:43V>-C, £9MS& 

froi^-^yh^ r©#ffitc»L-CJFfTlc, a> 

v\> 

[0 0 17] Lri>U SM. R^BttJfKffl^ibti/C^ 
SJiEUfcFeMn-S-AftiflJiB:. ^ ^ h*5S 

«6ttWli:BJ!ILT^5»ftB*s»ftLftV^ let, _h 

Stc^fL-cTOt, *»o, r©Brt-c^ai4WJ-ga?iJ$ 

[0 0 18] *fc, attflc^V'K^y^ («9*ftJt. 1 
9 7 5) ©4 0 lH*3it/4 0 2Sl!lE«$*ltV^i 
Mn{cm©7n^l?r^5!HlL-C#?jH.5S^SStt«IiJ 
£■£©**»£», IMIOCuAu- I®^S«3tSr 
i^t©©i5<-, p«vhas!H«ttW4B?(fc 
*Stt*iBSr»oBI«|ia*»ot>©!Js»ft-*-*. 
If, MnPt S3S®itt^llJ^^^© B^^yoCuAu 

- iM©^#iSSr ; ft'-r5t.©t?i4, ^jatcisv-c, a 

St-^vh^ (i o o) ffi*j«fciMo l o) Bfc¥ 
ffC, K rn6©ffil*n?M*ttttftE?9i:*oTV^ 

[0 0 19] L.*»L**Sfe, ^Kfe5VM4#^S*£ 
±lc, S«WS^il©*Ji*^^y^tt#KJ:oTaJif 

mS©^ftffi^±!BLfc#BtWt^5J:5 
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ftKHU -ASMc, ft** 
5KEflrt-$fllfl#*>6. MnPtK&BSffifc 

au^&ft if © c u a u - 1 gim&mmvR&m&ftzR 

vvrjMMrflsjfcLfctfr&fctt, (111) BEftLfcig 

ftl>\, 

[0 0 2 0] TMn x Pt^ : A new exchange bia 

s material for Permalloy, J. Appl. Phys. 81 (8) 15 

April 1997 j i 5 IfcSN-l*, (0 0 1) BKftLfc 
MgO©¥*fta»e>*.8*K-LK:» 200tT?NiFe 

t £-&BI£jfcft $ *S i: ^ 5 S^-&K©iiig*fe/iSM 

^stvc^s. r<o^feT?«, na&sft l-cm n p t -g- 

oTVS. 

[00 2 1] £(btc. ^©XlttKH:, ±e©Mft#8efc 

fctt*, *>*-9-V^/»'*»e>, MnPt^M© (1 1 
1) B5d>&©lBlffilk& (2 0 0) S^&Ofill^ll&^SI 

T*tt, MnPt^M® (2 0 0) B^SaxT^ftV-* 

[0 0 2 2] r©XiRwSB«J;»), MnPt^O 
(2 0 0) Bd»6©iai»fl»*«gUi*:f-^A'-CHL, Ni 
Fe^M* 5 (10 0) ffit?ElRjLfcife*, MnPt-g- 

4Ut# (ioo) ffi-eEiR)tfct#^.e)n5o 

r©E|S]iCj:!3, NiFe^MiMnPt^Mt© 
#BfC*3VNT, MnPt -B-^m^m^— p< r 

?ij l t ^ s mm k jfiv vwft&sngi $ jit v * s «rtBtt# * 

[0 0 2 3] L^tftdSfc, MnP 
t£&mo (ill) Bd>k©0#riBI©3&S;& s *£v^ 
ta>e>, MnPt^ig© (ioo) ®iaiP]<D^ffii*^ 

»HJt-e*>s. 

[00 24] *38Wtt±jeo|ffl»ft*l!Bfc1-**:if>l!:* 



[0 0 2 5] 

[p$S£A?ft1-£fc#©#g:] ±lE©@W&i§j&-f 5fc 
#3PJ©»#m KiEfi©£&^^©$!i&;frfe 
ft, SMtttJIJ:* £©»««* fc»»LT#Jdt**ifcR 

atttfrtimi: lt, ±ia!i*tt**»idw-a* 1 ©x 

[00 26] &*»40tH:, £ ©£**&£ 

©X**S£-fc.fc 9 SaMS-fr«*K: J: 5 *>©-?£> 

*>©-<•*>&. ^r-e, ±iaroi!!jt*ft-e{4, H©is 
K&^T, ttttttJI©jgjft&, ffitafc#*fc©tt**JS 

/w=f^#;*.ttJ-CtT5 £5Kfto-c^S 0 ft*}, r©#B 
**-e©8MM4Ji©»j*tt» mtf, 9 
v^jfetc j: otff 5:t bv\ 
[0 0 2 7] 2ltf^Sr*JnbftV , >T>'Wd , ^^ , t»-C, 

5 BI©EfaBfi, tirA 

«afcS8lt«**Bff"C*)5 (ill) BtftSo 

v^-caw*»«-f*i:, *©EfR)Bte (100) Btft 

(ill) B^fe (ioo) B5ic«flsi-*rtfci8 
H1-5fc#x?)*i/5o 

[0028] r©i5t-, iBoJKftSWciiir*, # 

^©¥^s«^fflv>ft<Tt, &m&m<Dmmmi 

(10 0) Bt-r^r i:*s-C#*. r©fc*, r©<t5 
lcElftLfc!fc«ttJi©±l!:»fiJrt-6R»a«tJIt> (l 

0 0) BEtSJti-S-t^XtSo «oTv S2©Xe 
ir*5VNT, Bi-WftfiS^-^^h^ 5 (10 0) ffid 

Sr®!jt-r5-t* 5 'Ct?)o 
[0029] ±E» 1 ©XSIt*iV^-C, 

5»c, 0%<t(J^:#<, a»o, 9%«tT©*5H-Cfc5i 

/^»c*f-rsa^^^©*/^, i-ftfc>*>, mmx*v> 
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[0 0 3 01 fl«|;tf*©a«*±B0>ttfflK:Rj£L-ca 

[0031] n&&a\z.isat<o&»m&BS0Wk 

©xet^ttSWiR-i: Lt, (10 0) ffi©^^— / 

[003 2] ±12 Lfc J: 5 fc, 

aaHMfcRBaHMfcwJMfifc**^ r©# 
BBfcWJiSML*--.* ^ h*5R»*ttJiK#< #&-r« 

<D$am*mc±tits. £ttatttji©BfflB$ doo) 

[003 3] tot, (100) B©i^*-^yh 

SBwsttJi tf , aatttJi t K%m&m t ©# 

SMS^«Wft»^-t-S £ t ©■?£ aaaMS^RSrJBi-r 
[0 0 3 4] rroi5tc N (10 0) loll^- 

14, H#5UU:BfM>J:5fc, CuAu-li 

[0 0 3 5] SfeUl, ^©CuAu- I§!©*Sil«Ja£ 

j:3fc» p tftftftuftjt) *m 2is^%<t a> 

O, 5 5W^%<t >3/h$V>Mn P t 5 r. 

j?JLV\ PtWifi, Mn P t-a-^l-*Jft 

5P t ©jii&j&tt:© n tr*fe5„ 

[0 0 3 6]MnPt^li, B^-f/CCuAu-I 
(10 0) ffiSrW-r-5t>rc>r-&5o MnPt^ 

[0 0 3 7] ^oT, »#*5©J«ft#i(cK:J:fttf» 19 

** 3 fe 5 v^h: 4 iciB«roiaig*fe^iimi-5 r t #m 



[0038] *fc, r©<fc?IC, P t«jfcaU2JI*-% 
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i«*.5fc*©t>©-C*)5„ Tifc®2fc:f4, f&&m 
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\c x o met £ ^ £ s s. 
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-T4fc>*>, li^©*;H OO^Cffltit. 
o%<c^ 9%<£>®ffl-efo3o ^^^^<oi8SSrr©J; 

Sr«<-r5r£^T*f 5„ 4*5, KT-Ctt, Ml«ttJi3 

[0 0 5 5] 3S«tt«3©#!|Bf£ 
ii, N i F e-a-^tSESrfflVSrt^-CtS. ^flS 
ttS3tLT, Coa»5>45lgi, NiFe^W 

[0 0 5 6] £9MttttJ|4©^j:«'5S9ftm£ 

*£LT»4, ±ELfcJ:5i-, B^y©CuAu-I 

*e>fc, r©»fi«Jt*^rf-5R»«tt#i:b'r, Mn 

SRSMtltaBl^kO^P y *^^a^tt» 3 5 OtT* 
3»fi^K©*l$Stti:» *&*mte»f <55fc 

[0 0 5 7] *fc, S^att^4co«-)|Sf < !; LtMn P t 
-g-^S-fflV^^-g-t-tt, ^©iffl^ltHL, M ni _ x Pt x 
£LT, 0. 4 2<x<0. 55T?fc5rtW*L 
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<. 0. 43gxg0. 5 1 t?fe5r bfrZbfc&t. t 
V\, 1"ft:fc>*>. Mn P tM©P tijfl^S, 4 2]§t7-% 

<, 4 3j05^%RJb> ^o, 5 lJl^/o^T-CfcSCt 
r<OJ;5i-> 53ftti£{£J|4fc:|sttS 
MnP t^©P tM^feSr^ 5 OK^/oirfS - £T\ 

*aiM*&§i©«*^*Wfc»«>a £ t 

[0 0 5 8] KS&KttJf 4©B£J¥fi, 5 0A£l± 

•e*>5ri:*»*b<, i5 0AK±-efc5rMs$f) 
Kff*u\ r©«t5ftigffi-r5-i-e, 
itosss«*^at»*i««> 5 r t tf-zim 1 ft § 0 

[0 0 5 9] Sfc, *SE«tt^HO|BSfc*iV^-CHt» S 

4 Lfc&, S^attS 4 ©&!«-£&{[:£ 

«. mmm 3 4 *©&&&&«#$:!&& 

Sfcftfc, BrJt©fi££U:fc*5V*T\ ^«WB**SJlp-r 

HttnL*!8Sp>, £3ftfl£ttje4£9f£©&& 

flSttS 4 o^-;^Ki©iaS) £ -f 5 £ , K&M&M 
* < ft S <t 5 £ ft < <£ 5 I- ft So (tot, 

5. 8oT, 3ftfltttJS3££gH&|£Ji4 £©£&*££« 

< -t 5 - £ tf^TiB £ ft 5. 
[0 0 6 0] f£oT» *SE*ilS^I»©»SifcJ3V^rtt, 

*fc, *Mw«#©BHinHt, 

rtiS^tftSo 

[00 6 1] irf, (1 0 0) SI2rRjLTV^3fi»tt 

ji 3 ±u:&au8ttji 4 zmm-r s r. t k ± d > 

g4©Wffi;d5 (10 0) ffiirftSr fcfcowctf), l 

[0062] matm 3 * a , 

b, c#«>*;SjJS£T*L<, (10 0) I, (0 1 
0) ffi*Sj:tf (0 0 1) Ea^T^ffiftBiftoTV^ 
f cc«j£-<?fe5o B^'fT'roCuAu- I SUS 

*"CS>9, ci^tt02NJ:9iBV' f c tffim-Zhi* 
rcoi5l-> fct«jtt?i4, (ioo) li (oi 
0) ffifcli<M5*flreS>3. flfctf. f c c*£©3MB 
ttflTCfcSN i Fe^©*?**Ht, a, b, c 



it3. 5 5Affo5. f c t «ig©K3ft8tt{*: 

■CJbSMnPt^OfrFiafctt, aM£J:tfbtt# 
4. 0 0 A, c*4*53. 6 7A-C&5. 

[00 6 3] &oT, 3£B*ttJf 3 ©#i|Sf b LTN i F e 

S3MM4JB4 ©**»* LTMn P t 
Lfc4§£% *^-S*0»^0«jR*»b-t-*l,tf , N i F e 
•g-&© (10 0) B±t^$tt^t-V>Mn P t-£&© 
EttU (001)ffi-ettft<, (1 0 0) iTP&S&V* 
£.5. fit±J:9. R3ttKtttJ§4©*m*LTHU vvfii 
*»©»***#» Sfc&ttl 3 ott-T-SRkiiBv^ft * t ft 
o-CVV5t>©##*U^v\l5. r©i5ftS5SfiS14 
JP4tJIMfiafcjDiSt. **£*©*£«: J: 0» 
K (10 0) ffiBl^SrSK-fSii^^TiBtftS. 

[0 0 6 4] ftfc\ ilBTftt, KttttJIStr^dtl-SRE 

[0 0 6 5] r©a*^©«E»%i:tt, 

/pw»*fciai«©t©-c*>a. ^*^3 4. 
(i. m.m^^-<Dm&.%\^ 2. 9%tfts 0 rr-e, sc 

cmtn. Ot, latomlCtJtf S 1 4>fc/c 9 <D^*©C1 b 
[0 0 6 6] JiE-Ptt, SMtti4^Lfe 

a, Ra*«ttJi4©aiij^Aft*H«fc»fc, XM&a^ 

©Saig*ffi©Hffi0iJ5r, Hlfe^J 1 ft^ U3 t LTIft^i- 

«KS^J 1 ) *3Sa«S-g-«©»Ji*»t*srt 5» 1 ©H 

«gl±K, T«fil2i:ft5Ta)K, 3Si8tt^3ift5 
Ni Fe-a-^fc±UtS3SSSttS4tft5MnPt^ 
MS:, «KE1-5*i£-Cr©tB^^KL, ^jftft^K© 

[006 7] if, ±IB«WIBt©**K*Jrt5. 

tt, -o©J^t■l««Srffl^^■C, 4 X 1 0 _7 T o r r SIT 

i3, ^f7^S« : # 7 0 5 9) Sr«V^ 

[0 0 6 8] Taili, DCT^hByx^y^t 
T, Ar#*JE : 5mTo r r, Power: 6 4 mW 
/cm 2 ©rtH*frT?. #7*S«±U:5 0A©J?£»C 
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5 mT o r r , Power: 130 mW/ c m 2 <£>J$iH 
*#"C, Tal±^ lOOA^ff^icMlfco * 
fc, 0%-2 0. 2%cD®ffl*C^ 

[0 0 6 9] MnP t^Mtt, DCv^hny^ 
y^fetCT, Ar^f^JE : 5mTo r r, Power: 

6 4 mW/ c m 2 <DJ&R&ftT\ N i F e ^R_hiC, 
2 0 0 A©J¥£ldj8)RLfc 0 MnPt^W 
R-CHt, Mn^^yHK, P t b £EfiLfc 
H^^^y h&fflv^fc. Mn P t^&jRfcjstt 
5Pt©*f4, 4 7. 4 i Lfc 0 

[0070] mmvttoi&tffflt. Mn p t -&AR©afly-& 

&{W>fc»fc:* SttHW£*tUT* 3 0 0Oe©««# 

2 5 0t, 1 2^rfl0^^trV\ 
*<z>f-y^S:»fc. 4*5, ±e^*»«#HU MnP 

<o«B9£&ft;tt2 o ot^feftii*. +#K:*HiJ 

[oo7i] *h*«t?b;. r © i 5 tmmxmz t 

5, 1^^/w#i~#6*5 6o©f-^^S:#fc 0 r 
|Le>*y^#l-#6H:, N i Fe^AM<DJg*«FiC 

#*»&hu -tix^ix, 0%, 1. 4%, 2. 9%, 

5. 8%, 11. 5%*5<tl^2 0. 
[0 0 7 2] 14(1 rtlbtV^Ht l-#6lC*fL 

Ts x»@»j||«*ffofctt***-mii3H-efc5. r 

(0) <D2«<Dfl«**LT*5 0. imtm$m<0#& 
(leWfJSflE) «r*LT^5o fy^odtE 

[0073] ~<7)m^~r£?\c Tfl'dti/UMz.gm 
i -cr*. mm£tiz>\Bi$tmz, n i Fe^4© 

(111) B v Mn P t (111) fficO^-Cfo 

5o fifot, rcof-^y^tt 1 l£:fctt£Mn P t^&m 
OttftE^ffitt, (111) BT$)^:^W 0 

[00 7 4] «&D&S;*r;*B£dS i . 4 %<0f- V 

^#2*CfcoTt, N i F e^M^it/MnP t £ 
«OEfiifitt»L<»fcU ttH$ft&@ffiHM:, N 
i Fe^O (2 0 0) mi>*b<Dml}T&b* MnP t£ 
(2 0 0) ffi*>&<0EWjR£<B*i**o 

9 y^lt 3 "C** t * 5 0 

[0 0 7 5] * IT, jfiJDa*^f^»«3jS 11.5 %T* 



{STLTV^i £t>K, MnP t£-&<D (111) 

[0 0 7 6] H5tt, 04fc^UfcX*il§W«I£ 

a>Jfe£*>b#A*u MnPt^ (2 0 0) BBi^fe© 

n*r«o»«©, «apa*^«a (bs-ch**** 

t5B 5 !liffll3t*SNiFe^4« 

N i F e^JBOiBiRjBtt (111) ffii»6 
(100) ffiiC^ftU r^±M$^MnP 

t^&Rco^EftBfc, (ill) ffi^b (ioo) 

[0 0 7 7] «Jpa*^»fl[Sr2. 9%i9* 

ft< LTN i F e^R«r»J«Lfc*^^#4-'#6 
"Ctt, NiFe^4© (2 0 0) ffi*5 i tfM n P t 
(2 0 0) ffi^6O0Sfj||oSiltasfllT+5o 

ioTMnPt ^&R0*££tt t> i£T LT L* o fc ^ £ 
[0 0 7 8] 4*5. :hbt^;v# l-# 6tC*3(t5 

MnPtMSii 2 sot:, i 2 wpraofiftiaaK io 
fc, f-^^tt nfcitf^ 6-m (ill) ffi 

Eft^ f-^7 P /W#2-1^>'7 P ^#4-eji (100) s 

Eisjds, 5 -ett (iii) a*5 «tt; ( i o 

0) ffiEftas**iCTi»^fc»fc:, MnP t&aij^&fc 
[0 0 7 9] Mn P t«IlJ-&&ld:fctt5te<Dffi 

ffil^fi. (ooi) I, (no) I, (2 0 

1) B, (11 2) SB, (221) ffl, (3 10) 1*5 
itf (3 1 2) 

[0 0 8 0] #)£©BEfl#»V^R** «itf, S5±fcl 
(111) BEftLTV>£«ffi£:te, RBfc¥fT**S* 
B^ (iii) B©*t35:oTv^5*tl8-e*)5o t^L 

*#e>. r©i5«»^B<oro±*EiRiHt»e> 

f£ot\ »£<0BEiSi£>gftfc:i!K URteS 

flj^flsici <9 , Mn P t ^R«s±ffiLfc#Bi*6(0 
Htfll^aJxSttftfcftoTt, «*OffiElfiias»v« 

A,^4v^ffii:4§o Z.<Dtc#>, W)tOffi£Jl 

[0 0 8 2] £/c, ihe>ty^#l^#6C»l 
t, NiF e^JRiil*5*tSlKft«S*lRlK^««#Sr 
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<Dm&&^-ryy 7X'hZ>o Z<D?77\Z&\,*X\*. 
J0^^^^Jgg^ O %W!J-^7°/V'# 1 life St 5 

[0 0 8 3] rost^-rj;5l-. £&i!£-g-fi£im. 8s 

3$ Lfc J: 5 1-. MnPt ^^©J^^tt^teT Lfc r t 

[0 0 8 4] ^^/J5^Jp$JxfcT/V-^^^#H^; 

5^ig-g-K»X^^#f4. ^D^m^^M«0% 
<DVl/7°/v% 1 (c*3tt5Xife^^Sr±[H]5i 
*LV\ ftoT, 0 6 it), ^JD^^^SffiW:. 0% 
iWK, ^o, 9%«TTfc£r:<!;;!>s£?;£L^£^ 

[008 5] EU:© J; 5 gpgtf^Ssbn^ftfcTA' 
^y#^f ffl^f i F e^MMt5i> 
KSr (10 0) ffiElpJt-rS-t^-C^-So ^LT. i 
©K»-hl-Mn P t-g-^Sr^-fS- bX\ Mn P t 
(10 0) ffiE|6lt-t-5r btfXZZ. ffio 

Mn P t-g-^IKt Mn P t ^^cDfi^*— 

[0086] mmm 2 ) *^^-a-K©»it*^ic*3 
vz>m2<Dmmm\a^xmw-rz» ^mmm^-rm 
mzmti, mnmiK^Ltmi&Jjmc&^x. mmm 

P t-g-^(C*5tj-5P tMffci, 3 9~5 5^%cD©ffi 

<Di$M&Ktt, mmwi <r>Mmumtmmiz^ mmm^ 

ttLT, 3 0 0Oe©I#tt\ £>o, 2 5 OtOil 

x\ i 2^©^a^fi : ofc 0 */c. j& 

[0 0 8 7] B7tt. zn^m^m^x^xm^ti 
fc, Mn p t-g-^Kwp tUjfcit&teZWiLW^zrjv 

[0 0 8 8] Z.<D>fy7\Z.^ir£.?K. Pti|flfi££r4 2 



^4 8S« (4 7. 4I«) tLtt#l:»fi 
bit*). 5 5MT-%«±i:-r5t^L.TL*5. 
[0 0 8 9] fi§o-C, £©MfcJ:»K *^m^Kli*J 
ItSMnP t-g-^Wifi^ri. Mn x _ x Pt x i: L-T, 
0. 4 2<X<0. 5 5<D$mXhZ>Z. ti5iJJU>t 
^x.-5„ Sfefc, +#±#ft£&IS^ffi#£#5;rc& 
©, U^XffljSIli, 0. 4 3^X^0. 5 1 

[0090] ft*5, r©i5{-, p tifcaj&as4 2^% 

p t<Dmf$.&mb<Dm&M. (mi ffigaftutMn 

tm&fefcmciotfzm-imix^ti:^ 
[oo9i] mmm 3 ) ^^m^m^mm^mK^ 
n^3<ommm\c^xmm-n>o 

i£*fifett» *JS0dl^^LfcJi!ig*i£^*3V^T, gsJng 
Sg#*S&£2. 9%ti-§t ^fi$&l3T'fo 
3N i F e-g-&lg©JKJ¥£3 0 OAi: U &3£8SttB4 
■CfeSMnPt^-M©!!^ 5 0~1 0 0 0A©gS 

ttttf (4 7. 4S^"%) , TaBI©MJS (5 OA) » 
*5£tf. MnPt^MOfi»©M> 

[0 0 9 2] @8li, r©fijg*ffiKio-C$S3g$tL 
fc, MnP f&AJRroBS^**^**©-?-^^^ 

rC0^77t?f±, 0 0 0 AC0f->'7'/V{-*5 

ttS*JMS^«*o« (-©S!l^}-*iftSft^:ffi) «rl 

[0 0 9 3] rWUlC^-Tipt-. MnPt-g-^MOK 
J?A5 5 oA^i-efe^f-V^-Cf^ ^jftHr^ttHL^B 
^LTV^„ t-b-C, MnPt^M 
©W?^l 5 0Ai:<c5*-eiS«l!:«lnU ^©«, 1 
o o o A b ft 5 * x-W&fr^mua LTV ^ 

[0 0 9 4] r<Di Mn P t -g-^CD^j?dS 5 0 

~1 5 oAo^HT-14, W?o*JPlc«i-5SaftBf^« 

^(DliJDdS^-Cfc?)^, 15 0 A~ 1 0 0 0 Aro^ffl 
T-tt. r©itJP©S'g-V^5/h^< ft5„ ftoT, 

^-a-^i-*3(t2»Mn p t -&&m<Dmmt. 5 0 ak±t 

#5fc*©i LV>Mn P t&&&(DmmZ. 1 5 

0 A&,±X'h 5rt tfibfrZ. 

[00 95] (3lffi©^ffi 2) *mW<DW 2 ©Hlfi^® 
(cov^T£JlTI-SiW-f-'5o ft*5x mW<D&-BL±. Htm© 
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[009 6] **18©»18K:i»*>*«ft*afi«»*3(l^- 

^fV^P^cTJGMR^-efoSo 12 9tt, *GMR 

«*«7#, r©ieit8tJi*ixfc*J«-eJb5. 

[0097] mmm 3 «, 4 1 ©£&*££• 

ItSftltftoO^. *2©!MWSJi5l4, 

R**fc:fert6BliHWWfc*oTV*5. i©fS2©$ 

Stlfc&^fefc*?, #l;ltfC o^N i F e £•&©»&, 
foSVtt, CoItNiFe^li»ailStioT 

[00 98] 6 (4, *«tt04JI*»e>4S 

t^-e#e„ fiHUS7ii, #«tt©£JR««rfli^5£i 

[0 0 9 9] #GMR3HF-I4, S61ftItLt©f 2 

B^Wbfl t b-coaiatttJi 3 i ©, **t*h,©«fls© 
1*0 # © Lfc** $ ©**«lfc&** <>oG 

[0 10 0] t-L-C, S3lfiStt®4^ (10 0) ffi-CBB 

«tti4 t3iHKttS3 t«D#BBlc^ff-e. *»o, r© 

tts 3 4 1 #a^agfcB£«*«r:fr*-3£ 

tt, ^ae#(-*rLT#^S^iGMR^i:*or 
VS. 

[0 10 1] SfelC, £3ft&ttg4£, P tM* 5 4 2 
JS^/ogAiS 5%«T©Mn P t^SrfflV^-C^1"n 
f4\ #GMR*?-©»*tt, !&3c£tt, J8iV» fft&a 

[0 10 2] £©£5fc, ^GMRifti, 5 

-ft, *5J:U\ |6M&fcfctt5!IW^K:±3«$M*tt© 

[0103] 4 ] *GMRSf<0- Hifeflllt-o 

VTSiWfS. ^HlfiW^^^S^GMR^fOf-VT* 



il2t!i;5Taih ft2©9Mttt£Jl5 fcfe&N i F 
e&4tm#ZX*Comt. AJR*«ttJi6i:*5Cuil 

ai«ttJi3i:««ColftJ3J:VNiFe*Aiti:, 
SM«ttJi4t**MnPt-g-^Ki:, fiWUt7i:4* 
Tali*, ^olBfc80i*ixfc«l^-e*>*. 

LT(4. #7Xlffi (a-=^^ttK : # 7 0 5 9) £ 

[0 104] Sfc, ±BLfc««©ff£H:, Tii2C 
*5tt5Ta^5 0A, ^2C03S«£ttg5JC*5(j-5N i 

f e -er&m& itfco »ss j&^n 7 0 A43 <t 0 7 a, 

CuKj»2 8A, 8l*ttJl3lC*lt*Coil»±tFNi 

F e^M^^l 0 A*sJ:tM 0 OA, MnPt 

&&m» 2 0 0 a, &mm 7 t*s»t « t a gt# 1 0 0 a 

[0 10 5] *fc, TiM2K»»t«Tag|, £M£J| 

3 KtSlit 5 N i F e £ t*M n P t 

^2©38HK1tg5K*5(t5N i F e-g-^KJoiltf 
^^rfflV^V^t^fi. SI8a4/§3tC}ott£N i F e 
7 (C *3 tt 5 T a Bl*5 £ TJ-&m#W&M 6\CjStfZ> 

c u Wivmmumte £ iwsBgfefrrt, nises 1 fc* ut 

T ail©jjUft^*JJ:tflW«W*ilHI«-C*)S. 
[0106] *fc, 3£®tt)g 3 iC*3(t 5N i F e 

-smfttmbhtz-y-yy^tt 3tmm\c. 2. 9%it 

fc, MnPt^I©Pt0^lt 3W60!I2£*3 

[0107] fy/;v# 1 1 tt, «MR7 &fert 

5TaRtrt»U», Mn P t -&AK©ai!J^fl;© 

fcfelC, 3 0 0Oe©SS#SrSlJnL^*P>, 2 5 0t© 

a^-c, 1 2^pra©i^«ya«r : fTofc i t)©-cfc5 0 

[0108] n (DX 5 bT#f>ttfcf->y^# 1 1 ic 

(2 0 0) ffi^f)©^V>lHlSf^t. MnPt^AO (2 
0 0) ffi*»fe©!*V^iaiftl|4:!9»*«**b*:. *fcx ^2 
©!UKttJi5fca3lt5N i F e&&mt>>h<Oi><OtBt> 
}x5> Ni Fe^© (ill) B*»e>©pv>liIJritSldS 
ftSiJ^ixfco £©•$■>':/*'# l Ut»UT, 

tt^»*©ai?ESrfi i ofc tr?.> mmm 1 ©f-v^w* 

*Srai^L.fctr5, »8i^k*7%, OtlMfi^O. 8 

[0109] r © <t 5 C 1 1 tt, 

35rffi^1-?.N i Fe^ItT«i2S:«t5Ta 
mt<DffllC^ N i Fe^JgE^iVColg*»bife5^2 



-10- 



M&M3Zm&i-ZN i F e^^S (10 0) ffiiBlR) 
LtV>5wtl;iotMnPt^I© (2 0 0) ffiiB 

[o 1 1 ol fc*>, ±IE©J: iM^A-tt l l lets 

ttS^BSttS 3 33 i.Um 2 ©&fi£teS 5 14, N i F e 

3-5©co mtt. &m#&&m 6 -CfcS C u 
KMciBg$nTV^5. rroj;5i^ NiFe^Mi 
C u I© t S l^T® C o I5:#At 5 1 1 T\ *GM 

lot, rCColiaot, *GMR^ro»^tt4r 

[0111] SX±<D£ 5 %MoMM 1 fc* Lfc£& 

ffiJUF-Slc&^T, K&lBttJI©^^— p^hft;:© 

rt^-eti. lot, Hv*£lJllS'S'«#«:3B£'*33S 
JM6^R*»Jii-ari:*»rtBfc45. Sfcfc, mm© 
^ffi2(^LfcJ:5l^ r©^^^-K5r^ffl-r^«. 

[0112] z<D2mm&m\ctstt&E»m&m 

«\ P t mi$&ffo 5 0 %©M n P t £flM-f-ft 

#5. *fc, r©3E*tt-&K*rGMR*-T-K:i6ffl-fn 
I4\ UTSfcjTT?, g£K£5&la#tt©g 

[0 113] fc:}o x ±IELfcSUS^Jl~4Ti4, 
^M(-J3ft?)T*g2i:LT. Ta£J8v^i:5t-L 
Tl^ri*, TiSS2(D#^-H:rtbfcK'5t)©T-W:^V\ 
Tag2(if4, &8*{^3©IEfatt£i«S*5t>©-Cfc*i 
tf, if©i5 4«1**fflv^-Ct>±v\ jKTLtT 
J*S2ftffi^5^l4^<, #7*g«a>f>#S8t&l 
±lc, asmSfeJl3ftitS5fcj«H!f*J:5K:LTt>iv\ 

[0114] 4fc, %m&m 3 ©*mt LT\ N i F e 

tCRR2.t<0-Cti/iV\ »8teJB 3 ©J&SlCtt, feci 



[0 115] KH«ttJl4©*mi:L"C, MnP 

©C u A u - I S!©ttft«Jtft*i-5RM«tt#-C*>*l 

ffi-m, shafts 4 osftauP (ioo) ffiT&st 

LT^5„ L^L^^P). BW/OCuAu-IlO 
«fi*3S«r^5R»attt#T?tt. (10 0) (St (0 
10) ffifcte, ft*flHi«>j£-efc, SBMiratOjft-efc* 
&oT, R5Sfl£ttg4Ht. (0 10) ffi 

[0 116] £P>M, &&B£ttJl4©«-&i:LT, A* 
-f 7°© C u A u - I g0«£A4t£fr$'*-££!MM£#*r 

(oio) srtt (ooi) Brtt-T?, m*.*—* 

3. «ot, S3HBttS4iisr.ne>©ffi©v , '-fit*»©ffi 
-egafi-rs i 5 c WBttJi 3 ©ga^st 4 

A^/©CuAu- I S©^f B «itft#-r5S^ 
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